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(54) Engine generator apparatus and cogeneration system 



(57) This can prevent declination in the operational 
efficiency due to the stop motion of an engine (11 ) at the 
cancellation of the interconnection and minimize loads 
exerted on the startup device for the engine. A system 
protector (138) is provided for generating a fault signal 
when detecting a fault on the system source (14). Upon 
receiving the fault signal, an interconnection relay (1 35) 
is opened to cancel the interconnection and simultane- 



ously, a timer (39) is started. The cancellation permits 
the engine (1 1 ) to run with no load. When the fault signal 
Is maintained until the setting duration of the timer (39) 
is timed up, a time-out signal is released to stop the en- 
gine (11). On the other hand, when the fault signal is 
eliminated by canceling the cause of the fault before the 
setting duration of the timer (39) is passed, the intercon- 
nection relay (135) Is closed to establish the Intercon- 
nection again and the timer (39) Is reset. 
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Description 

[0001] The present invention relates to an engine 
generator apparatus and a cogeneratlon system and 
particularly to an engine generator apparatus having a 5 
function for Interconnecting with an electric power sys- 
tem for private use generator or a small-sized cogen- 
eratlon facility and a cogeneratlon system including the 
engine generator apparatus. 

[0002] Generator apparatuses for private use have 10 
widely been provided for emergency use In case of 
blackout or power failure. Recently, private use cogen- 
eration type generator apparatuses which can be inter- 
connected with electric power systems for Improvement 
of the efficiency of operation are getting popular. Such 
a cogeneratlon type private use generator apparatus 
comprises a small generator driven by a gasoline engine 
or a gas engine fueled with gas fuel such as town gas. 
[0003] For smooth interconnection with an electric 
power system, the cogeneratlon type generator appa- 
ratus needs to comply with the guideline for technical 
requirements for Interconnection (Issued by the Ministry 
of Trade) which stipulates technical standards including 
a range of outputs of applicable power systems and pro- 
tections for the power system in case of ground fault or 
short-circuit. It is hence necessary to cancel the inter- 
connection with the system when the operation fails to 
comply with the requirements of the guideline as is re- 
garded as a fault As the operation has been reset to 
comply with the requirements of the guideline, the Inter- 
connection to the power system can be re-established. 
[0004] The cogeneratlon system driven by a gasoline 
engine or a gas engine includes a controller unit for pu- 
rifying the exhaust gas. More specifically, an oxygen 
density sensor is provided across the passage of an ex- 
haust gas from the engine for measuring the density of 
oxygen in the exhaust gas which is then used for con- 
trolling the air-fuel ratio in a mixture gas supplied to the 
engine to theoretical air-fuel ratio for complete combus- 
tion. 

[0005] When the cogeneratlon system having such an 
exhaust gas purifying apparatus encounters a fault dur- 
ing its operation, it cancels the interconnection with the 
power system and then stops the engine, hence produc- 
ing the following drawback. For normal operation, the 
oxygen density sensor needs to have a temperature of 
substantially 400 °C. At every re-start operation of the 
engine, a warming up for raising the temperature of the 
oxygen density sensor from a lower level to the operable 
level where the sensor is activated is required. The fre- 
quent warming up operation causes a declination in the 
operational efficiency. Particularly, as the engine is 
stopped upon temporally cancellation of the Intercon- 
nection with the re-Interconnection within a short Interval 
of time, the operational efficiency will significantly be de- 
clined. Also, if a protection scheme is switched on to 
stop the engine at every cancellation of the Interconnec- 
tion, It may exert unwanted loads on the startup device 
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or other components. 

[0006] The present invention is developed In view of 
the above drawback and Its object is to provide an en- 
gine generator apparatus and a cogeneratlon system 
which can inhibit declination in the operational efficiency 
due to the engine stop at the cancellation of the inter- 
connection and reduces loads exerted on the engine 
startup device. 

[0007] An engine generator apparatus according to 
the present Invention is provided for interconnecting an 
output of a generator driven by an engine with a power 
system, comprising, an oxygen density sensor provided 
on the engine for controlling the air-fuel ratio based on 
its output, a means for interconnecting the output of the 
power generator with the power system, when the oxy- 
gen density sensor becomes its activated state, a fault 
detecting means for detecting a fault In the Interconnec- 
tion with the power system, a means for canceling the 
interconnection with the power system when the fault 
detecting means detects a fault, and resuming the Inter- 
connection with the power system when the fault Is re- 
moved; and a means for stopping the engine when the 
Interconnection is canceled for a predetermined length 
of time due to the fault detection. 
[0008] According to the above arrangement, the en- 
gine is not stopped but operated with no load even if the 
Interconnection with the power system Is canceled, pro- 
vided that the interval from the cancellation to the re- 
interconnectlon Is not longer than a particular length of 
time. The engine stop in response to every cancellation 
of the interconnection can successfully be eliminated. 
As a result, a warming up for activating the oxygen den- 
sity sensor can be carried out at less frequency and the 
exertion of undeslred loads on the startup device forthe 
engine can be avoided. 

[0009] A cogeneratlon system according to the 
present invention includes an waste heat utilizing unit 
for utilizing waste heat produced by the operation of the 
engine generator apparatus and is arranged wherein 
the engine is started in response to a heat request re- 
ceived from the waste heat utilizing unit. As the engine 
is started by the heat request from the waste heat utiliz- 
ing unit, the waste heat produced during the period be- 
fore the activation of the oxygen density sensor is com- 
pleted can be utilized at effectiveness. 

EftflEF DESCRIPTION OF THE DRAWINGS 

[0010] 

Fig. 1 is a block diagram of an engine generator ap- 
paratus Illustrating one embodiment of the present 
Invention; 

Fig. 2 is a flowchart showing the operation of an 
ECU at the start up; 

Fig. 3 is a flowchart showing the operation of an in- 
verter controller at the start up; 
Fig. 4 is a flowchart showing the operation of the 
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ECU when a fault occurs; 
Fig. 5 Is a flowchart showing the operation of the 
Inverter controller when a fault occurs; 
Fig. 6 Is a block diagram of a cogeneratlon system 
Illustrating another embodiment of the present In- 
vention; and 

Fig. 7 is a block diagram of a primary part of a con- 
ventional engine generator apparatus. 

[0011] One embodiment of the present invention will 
be described In more detail referring to the relevant 
drawings . Fig. 1 is ablock diagram of the engine gen- 
erator apparatus . As shown, an engine operated gen- 
erator 10 comprises an engine 11 and a generator 12. 
The generator 12 is driven by the engine 11 for gener- 
ating an alternating current output responding to the 
number of revolutions. The generator 12 comprises a 
rotor joined to the engine 11 and a statoron which three 
phase windings are wound. The output terminal of the 
three phase windings is connected with an inverter unit 
13. The Inverter unit 13 converts the alternating current 
output of the generator 12 Into an alternating current of 
the quality equivalent (in voltage, frequency, noise, and 
other factors) to that of the commercial power supply, 
then the output is connected to the commercial power 
system as timed In phase with the same of the system. 
[0012J More specifically, the Inverter unit 1 3 compris- 
es a converter 131 for converting the alternating current 
output of the generator 12 Into a direct current, an in- 
verter circuit 133 for converting the direct current re- 
ceived from the converter 131 into an alternating current 
with the frequency and the voltage of the commercial 
power system, a filter circuit 134, and a connector relay 
135. "me alternating current output of the Inverter unit 
13 is connected by the connector relay 135 and a main 
switch 1 36 to the commercial powersystem 14 and also 
to a domestic electrical load 1 5 (for example, in a private 
use power system). 

[001 3] Also, the inverter unit 13 Includes an inverter 
controller 137 for switch controlling the FET of the In- 
verter circuit 133. The Inverter controller 137 are ar- 
ranged responsive to an output current lo, an output 
voltage Vdc of the converter circuit 131, and a signal 
from a system p rotector 1 38 for controlling the switching 
action of the connector relay 1 35 as providing a function 
for protecting the Inverter circuit 133. 
[001 4] The system protector 1 38 monitors the voltage 
and frequency of the output of the generator 12 and If 
the voltage or the frequency is different from the refer- 
ence level or the failure of the powersupply is occurred, 
generates and supplies an error signal to the Inverter 
controller 137 which in turn open the connector relay 
135 thus release the parallel operation to protect the 
system. Failure In the power supply may be Judged from 
jumping in the phase of the system. Alternatively, while 
the inverter output is periodically shifted in the phase, 
the failure may be Judged from a degree of phase shift. 
The Inverter controller 1 37 Includes a nonvolatile mem- 



ory such as an EEPROM for storage of data of thefailure 
and data of the (unusual) stop motion when the failure 
takes place In the Inverter unit 13 or the commercial 
powersystem 14. 

5 [0015] The connector relay 135 Is closed to connect 
the Inverter unit 13 for parallel operation and Is opened 
to disconnect the inverter unit 13 for parallel off. In ad- 
dition, the connector relay 1 35 serves as a disconnector 
for protection of the system and is opened Instantly 

w when the system has a fault. The switching action of the 
connector relay 1 35 Is controlled by the Inverter control- 
ler 137 and the system protector 138, either may be im- 
plemented by a microcomputer. The connector relay 
135 remains opened (parallel operation Is released) 

« when the main switch 1 36 is disconnected. 

[0016] An ECU 38 Is provided for controlling the en- 
gine 11 . When the connector relay 135 Is kept opened 
at a predetermined length of time, the ECU 38 generates 
a stop signal to stop the engine 11 . The ECU 38 hence 

20 includes a nonvolatile memory such as an EEPROM for 
storage of data of the fault or data of the stop motion by 
the fault as well as a display such as an LED for display- 
ing the fault. 

[0017] A communications unit 139 is provided be- 
25 tween the ECU 38 and a combination (which may be 
referred to as an inverter side opposite to the ECU side) 
of the Inverter controller 137 and the system protector 
138 for communication of each state of both sides. A 
power source 1 40 Is connected to the output terminal of 
so the Inverter unit 13 for supplying power to a drive source 
and a control source for both the engine generator 10 
and the inverter unit 13. 

[0018] The engine 11 Is supplied with a mixture of air 
and gas fuel produced by a mixer 33. A proportional 

35 valve 35 Is provided across a gas intake tube 34 and Its 
opening can determine the air-fuel ratio. The mixture of 
air and gas fuel is combusted in the engine 11 and ex- 
hausted from an exhaust tube 36. An oxygen sensor 37 
is provided across the exhaust tube 36. In response to 

40 the density of oxygen detected by the oxygen sensor 
37, the ECU 38 drives the proportional valve 35 to set 
the air-fuel ratio to theoretical air-fuel ratio for complete 
combustion. 

Before the oxygen sensor 37 is activated, the engine 11 
43 Is driven In a lean-burning mode In order to minimize the 
discharge of toxic substances In accordance with the ex- 
haust regulations. 

[0019] Figs. 2 and 3 are flowcharts showing the ac- 
tions of the engine generator (or ECU) control side and 

so the inverter control side of the system at the start up of 
the engine generator 10. The control action starts when 
the main switch 136 Is turned on but the motion of the 
engine 1 1 la stopped by the occurrence of a fault. 
[0020] The procedure of steps In the ECU 38 control 

55 side will now be explained referring to Fig 2. At Step 
SI, it is judged from data stored in the nonvolatile mem- 
ory whether or not the engine 11 is stopped by a fault 
on the engine 1 1 . When the engine Is stopped by a fault, 
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the fault is displayed on the LED for notifying the user 
at Step S4. The data In the memory then remains un- 
changed. When the stop motion Is not caused by the 
fault on the engine 1 1 , the procedure advances to Step 
S2 for examining whether or not the stop motion Is 5 
caused by a fault on the Inverter unit 13. This examina- 
tion is based on the data stored in the nonvolatile mem- 
ory. 

[0021] When the inverter unit 13 has a fault, the pro- 
cedure jumps to Step S4. When the Inverter unit 1 3 has to 
no fault, the procedure goes to Step S3. 
[0022] As It has been Judged that the engine 11 Is 
stopped by the fault on either the engine 11 or the in- 
verter unit 13, the procedure goes to Step S4 for dis- 
playing the fault. This Is followed by Step S5 where It Is 15 
examined whether or not the engine stop is released by 
users handling. When the stop motion is canceled by 
the user ("yes" at Step S5), the procedure moves to Step 
S3. A switch (not shown) for canceling the stop motion 
by the fault may be provided Independently of the main 20 
switch 136 in order to clear communication of the users 
mind for canceling the stop motion. 
[0023] it is then examined at Step S3 whether a heat 
request Is received or not from a controller (Fig. 5) for 
detecting the size of thermal load, i.e. the command for 25 
starting up the engine 11 is received or not. The thermal 
load in the form of a hot-water tank and the controller 
will be explained later in more detail. 
[0024] When the heat request Is received, the proce- 
dure goes to Step S6 where it is examined whether or so 
not the engine 11 has a fault. If not, the procedure ad- 
vances to Step S7 where the communication unit 1 39 is 
act ivatedfor Inquiring of the Inverter controller 1 37 about 
the state of the Inverter unit 13. It Is examined from a 
response from the Inverter controller 137 at Step S8 35 
whether the inverter unit 13 has a fault or not. If the In- 
verter unit has not fault, the procedure goes to Step S9 
for starting the engine 1 1 . When the engine 1 1 1s started 
up, its start is communicated to the Inverter controller 
137 through the communication unit 139. 40 
[0025] It Is then examined at Step S10 whether the 
oxygen sensor 37 is activated or not. When the sensor 
37 is activated, a signal of "inverter start permission" is 
transmitted to the inverter controller 1 37 through the unit 
139, and the inverter Is started and apply the load (S11). 45 
The activation of the oxygen sensor 37 may be Judged 
when a predetermined length of time has elapsed after 
the start up of the engine 11 or when the ambient tem- 
perature of the oxygen sensor 37 has increasedto a pre- 
determined level. 50 
[0026] The process In the inverter controller 137 will 
now be explained referring to Fig. 3. As the main switch 
1 36 has been turned on, It is examined from the data in 
the nonvolatile memory at Step S12 whether a power 
failure is detected or not. When the power failure is de- 55 
tected, the procedure goes to Step S1 3 for hesitation or 
time lag. After the hesitation of a predetermined length 
of time (e.g. 150 seconds), the procedure goes to Step 



S1 4. If no power failure Is detected, the procedure jumps 
to Step S14 from Step S1 2. 

[0027] The time lag at Step S1 3 has the following ad- 
vantage. After a power failure occurs, Its location may 
be Identified through temporally re-energlzing that Is op- 
erated by the power company. Once a power failure oc- 
curs, it may be repeated after the re-energization. If so, 
when a power failure occurs with the main switch 136 
being connected, the following re-energlzatlon starts up 
the generator apparatus. This may make the Investiga- 
tion for finding the cause of the power failure difficult. 
However, the hesitation or time lag of 150 seconds pro- 
vides ease of the investigation. 
[0028] It Is then examined at Step S14 whether the 
power system has a fault or not. If the power system has 
not fault, the procedure goes to Step S1 5 where It Is ex- 
amined whether the Inverter unit 1 3 now has a fault or 
not. If there is not a fault, the procedure moves to Step 
S1 7 for starting the checkup of the generator 12. When 
the inverter unit 13 has a fault, the procedure goes to 
Step S18 for storing a memory with a data of "inverter 
fault" and returns back to Step S14. 
[0029] When It is Judged at Step S14 that the power 
system has a fault, the judgment at Step S14 is main- 
tained until the fault on the power system is eliminated. 
The data in the nonvolatile memory indicative of the fault 
of the Inverter unit 13 Is cleared when the user cancels 
the usual state and the Judgment at Step S5 is affirma- 
tive. As a result, the Inverter fault is eliminated. This In- 
formation about the Inverter unit 13 Is transferred to the 
ECU 38 side as a response to the requiring at Step S7. 
[0030] It Is then examined at Step S1 9 whether the 
direct current voltage Vdc after the rectification process 
exceeds a predetermined level (e.g. 380 V) or not. When 
the voltage exceeds the predetermined level, the pro- 
cedure advances to Step S20 where the connector relay 
135 is closed by the signal of "inverter start perm ission n 
transmitted at Step S1 for starting the parallel operation 
with the commercial power system. 
[0031] This is followed by Step S21 where the output 
of the inverter unit 131s Increased. It Is examined at Step 

522 whether or not the direct current voltage Vdc Is kept 
exceeding the predetermined level (e.g. 380 V). If the 
Step S22 is affirmative, the procedure advances to Step 

523 where It Is examined whether the output reaches a 
rated level (e.g. 1 kW) or not. If the output Is not reached 
the rated level, the procedure returns back to Step S21 
for Increasing the output of the Inverter unit 13. When 
the output reaches its rated level, it is judged that the 
operation is normal and the procedure for examining the 
Inverter fault at the start up is terminated. Because of 
Steps S21 to S23, the soft startup with gradually In- 
creasing the output can be performed. 

[0032] On the other hand, when the direct current volt- 
age Vdc is smaller than the predetermined level after 
increasing the output of the inverter unit 1 3 with the out- 
put which is lower than the rated level ("negative" at Step 
S23), the procedure moves from Step S22 to Step S24. 
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It Is examined at Step S24 whether or not the Judgment 
that the direct current voltage Vdc Is not higher than the 
predetermined level Is repeated at a predetermined 
number of times (e.g. five times). If Step S24 is affirm- 
ative, It Is Judged that the generator 12 has a fault and 
the parallel operation with the commercial power system 
is canceled thus stopping the inverter controlling proc- 
ess. If It Is Judged "not" at Step S24, the procedure goes 
to Step S25 for canceling the parallel operation. After 
providing a time lag at Step S26 for the predetermined 
length of time (150 seconds), the procedure goes back 
to Step S20 for re-starting of the parallel operation. The 
procedure may be shifted from Step S26 to Step S19 
instead of S20. 

[0033] When It Is Judged negative at Step S19, the 
procedu re goes to Step S27 where It is examln ed wheth - 
er or not the direct current voltage Vdc is below the pre- 
determined level throughout a predetermined length of 
time (e.g. three minutes) . When the generator 12 has 
a fault, It is Judged affirmative at Step S27 or affirmative 
at Step S24, and the procedure goes to Step S24a. At 
Step S24a, store the nonvolatile memory with the fault 
of the generator 12 and then the Inverter control proce- 
dure is terminated. 

[0034] The procedure withoutthe heat request orwith 
the occurrence of a fault after the start up will be ex- 
plained. Fig. 4 is a flowchart showing the process of the 
ECU 38. It Is examined at Step S30 whether the heat 
request Is received or not. If the request is not received, 
the procedure goes to Step S31 for stopping the engine 
1 1 . After stopping the engine 1 1 , the procedure moves 
to Step S3 (Rg. 2) for waiting until the heat request is 
received. When the engine 11 is stopped with no heat 
request. Its information Is transferred to the Inverter con- 
troller 13. 

[0035] When the heat request is received, the proce- 
dure advances to Step S32 where it is examined wheth- 
er the engine 11 has a fault or not. When the engine 11 
has a fault, the procedure goes to Step S33 for stopping 
the engine 11. As the engine 11 stops, the nonvolatile 
memory is stored with the data of "engine fault" at Step 
S34 and then, the procedure moves back to Step St. If 
the engine 11 is stopped by the fault on the engine 11 , 
engine stop is transmitted to the inverter controller 13. 
[0036] When the engine 11 has no fault, the proce- 
dure goes to Step S35. It is examined at Step S35 
whether a fault signal Indicative of a fault in the inverter 
unit 1 3 Is received or not from the Inverter controller 1 37. 
When the fault signal is received from of the inverter unit 
13, the procedure moves to Step S36 for stopping the 
engine 1 1 . Then, the nonvolatile memory Is stored with 
a data of ■Inverter fault 1 ' at Step S37 and the procedure 
goes back to Step S1. 

[0037] If the fault signal is not received from the in- 
verter unit 13, the procedure goes to Step S38 where it 
is examined whether a signal indicative of power system 
fault Is received or not from the Inverter controller 137. 
When the power system fault signal Is not received, the 



procedure moves to Step S30. When the signal Indica- 
tive of power system fault Is received, the procedure 
moves to Step S39 for stopping the engine 1 1 and the 
procedure returns to Step S3. 
5 [0038] The process of the Inverter controller 13 will 
now be explained referring to Fig. 5. It is examined at 
Step S40 whether the heat request off is received or not 
from the ECU 38. When the heat request off Is received, 
the connection to the power system is released at Step 
io S41 and the procedure moves back to Step S12 (Fig. 
3). When the heat request off is not received, the pro- 
cedure advances to Step S42 where It is examined 
whether the signal of the engine stop is received or not. 
When signal of the engine stop Is received, the parallel 
operation Is released at Step S43 and the procedure re- 
turns to Step S12. If the signal of the engine stop Is not 
received, it is examined at Step S44 whether or not the 
inverter unit 1 3 has a fault. When the unit 13 has a fault, 
the procedure goes to Step S45 for releasing the con- 
nection to the commercial power system and the proce- 
dure moves back to Step S12. 
[0039] If the Inverter unit 1 3 has no fault, It is then ex- 
amined at Step S46 whether the power system has a 
fault or not. When the power system has not a fault, the 
procedure goes to Step S47 where it is examined wheth- 
er the connection or parallel operation is established or 
not. When the parallel operation is established, the pro- 
cedure returns back to Step S40. 
[0040] When it Is Judged at Step S46 that the power 
system has a fault, the procedure goes to Step S51 for 
releasing the parallel operation of the systems. It is then 
examined at Step S52 whether a power failure occurs 
or not When the power failure is detected, the nonvol- 
atile memory Is stored with the data Indicative of the de- 
tection of the failure at Step S53. If no power failure Is 
detected, the procedure skips Step S53 and Jumps to 
the Step S54. It is then examined at Step S54 whether 
the power system fault continues throughout a prede- 
termined length of time (e.g. five minutes) or not If Step 
S54 Is negative, the procedure goes to Step S47. When 
the parallel operation is not established, the procedure 
advances to Step S48 where it is examined whether the 
power system h as a fault or not. When the power system 
has a fault, the procedure moves back to Step S40. If 
not, the procedure goes to Step S49for providing a time 
lag of a predetermined length of time (e.g. 1 50 seconds) 
and then to Step S50. At Step S50 , the parallel operation 
Is started. When the fault continues over the predeter- 
mined length of time, the procedure goes to Step S55 
where the command of stopping the engine 11 is trans- 
mitted to the ECU 38. It Is then examined at Step S56 
whether the power system has a fault or not. When the 
fault has been eliminated, the procedure goes to Step 
S57 for providing a time fag of a predetermined length 
of time (e.g. 150 seconds) and then returned to Step 
S12(Fig. 3). 

[0041] A cogeneratlon system according to the 
present Invention will be described which Include an ap- 
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paratus for utilizing heat of the exhaust gas from the en- 
gine generator. Fig. 6 Is a block diagram of the cogen- 
eratlon system where like components are denoted by 
like numerals as those shown in Fig. 1 . As the engine 
11 drives the generator 12, it generates heat which Is 
recovered with a heat recovery unit 16 of the engine 1 1 
through heat exchange. The recovery of heat may pref- 
erably becarried out on all the high-temperature regions 
of the engine 11 Including a muffler tube. As the cooling 
water Is carried through a tube 1 8 which extends across 
the heat recovery unit 1 6, it serves as a medium forcon- 
veying the heat to a hot-water storage tank 1 7. 
[0042] The hot water storage tank 1 7 contains a out- 
put heat exchanger (referred to as a first heat exchanger 
hereinafter) 20 communicated with the conduit 1 8. The 
water supplied from a water source 31 to the hot water 
storage tank 1 7 is then heated by the first heat exchang- 
er 20 to turn to a hot water. The hot water heated and 
saved in the hot water storage tank 1 7 is fed for further 
use to a hot water supply unit 21 , which Is a first thermal 
load. 

[0043] A second heat exchanger22 is provided above 
the first heat exchanger 20 In the tank 17. The second 
heat exchanger 22 Is communicated to a conduit 23, 
which in turn connected with a heating system 24, such 
as a central heating system or a floor heating system, 
acting as a second thermal ioad. The second conduit 23 
forms a second hot water path, which is separated from 
the hot water path for supplying the hot water from the 
hot water storage tank 1 7 to the hot water supply unit 
21 . The second hot water path 23 performs secondary 
exchange of the heat from the hot water storage tank 
1 7 thus Increasing the efficiency of the heat recovery. 
[0044] In the second hot water path 23, there are also 
provided a re-heating boiler 25 and a three-direction al 
valve 26. The re-heatlng boiler 25 is provided with a 
pump27forcirculatingthe hot waterthroughoutthe sec- 
ond hot water path 23. The three-directional valve 26 Is 
a means for switching the flow of the hot water to a by- 
pass 28 or to the heating system 24. The following pas- 
sages are selected by operating the three-directional 
valve 26. When the three-dlrectlonal valve 26 Is 
switched to the heating system 24, the passage is 
opened for conveying the hot water via the re-heating 
boiler 25 and the heating system 24 from and to the hot 
water storage tank 1 7. When the three-directional valve 
26 Is switched to the bypass 28, the passage is opened 
for conveying the hot water via the bypass 28, not the 
heating system 24, from and to the hot water storage 
tank 17. 

[0045] A temperature sensor TS1 is provided In the 
hot water storage tank 17 and Information about the 
temperature Tl of the hot water measured by the tem- 
perature sensor TS1 is transmitted to a controller 29. 
The temperature sensor TS1 may be located at an ap- 
propriate height level between substantially the upper- 
most of the first heat exchanger 20 and the lowermost 
of the second heat exchanger 22 and most preferably 



at a midway between the first heat exchanger 20 and 
the second heat exchanger 22. It Is very likely that, due 
to the effect of convection, the temperature of the hot 
water is lower at substantially the lowermost of the hot 

5 water storage tank 1 7 and higher at substantially the up- 
permost. As the temperature sensor TS1 is located at 
the midway, it can detect an average value of the tem- 
perature In the hot water storage tank 17. 
[0046] In response to the temperature information Tl, 

*o the controller 29 controls the start and stop operation of 
the engine 11 . Since the temperature Information Tl rep- 
resents the demand of heat from the hot water supply 
unit 21 which draws the hot water directly from the hot 
water storage tank 17 or from the heating system 24 

w which draws the hot water indirectly via the second heat 
exchanger 22, the controller 29 judges that the demand 
exceeds when the temperature information Tl Is not 
higher than a reference level Tref-1 and drives the en- 
gine 11 to generate the heat. On the other hand, when 
20 the temperature information Tl is higher than the refer- 
ence level Tref-1 , the controller 29 Judges that a suffi- 
cient level of the heat energy is saved in the hot water 
storage tank 1 7 and turns the heat request off then stops 
the engine 11. 

25 [0047] The reference level TreM of the temperature 
is determined from multiple parameters of the type and 
the magnitude of the thermal load (I.e. the type and the 
capacity of the hot water supply unit 21 and the heating 
system 24), the thermal output of the engine operated 

so generator 10, the volume of the hot water storage tank 
17, and so on. The reference level Tref-1 has a hyster- 
esis for ensuring a stable operation of the engine 11,1, 
e. avoiding frequent start and stop operations. 
[0048] In casethatthe engine 11 Is controlled with the 

35 temperature Information Tl, Its operation may be con- 
templated for drivingthe generator 12 to generate acon- 
stant power output or, in an electrical ioad dependent 
mode, to generate a variable output depending on the 
magnitude of the electrical load 1 5. In the constant pow- 

40 er output mode, the engine 11 as a driving power source 
is operated to make the number of its revolutions con- 
stant and thus Its operation will ensure a higher level of 
the efficiency minimizing the consumption of fuel and 
releasing an acceptable level of the exhaust gas. If the 

45 demand of electricity exceeds the output of the genera- 
tor 12, a deficiency in the electricity Is covered by the 
supply from the commercial power system 14. 
[0049] The temperature of the hot water in the hot wa- 
ter storage tank 17 is significantly varied depending on 

so the consumption of the hot water, i.e. the demand of 
thermal energy, and the mode of the operation of the 
engine operated generator 10, e.g. either the constant 
output mode or the electrical load dependent mode. For 
example, in a system where when the consumption of 

55 the hot water is low, the temperature of the hot water 
can be maintained to about 80 °C with the generator 12 
operating in response to the temperature detected by 
the temperature sensor TS1, either abrupt, bulky con- 
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sumption of the hot water resulting from the demand of 
heat given simultaneously from both the hot water sup- 
ply unit 21 and the heating system 24 or the startup of 
the system may cause the temperature of the hot water 
In the hot water storage tank 1 7 to drop down to as a 
low degree as of the cool water supplied. 
[0050] In case that the reference temperature of the 
hot water In the hot water storage tank 1 7 Is hardly main- 
tained with the heat collected from the engine 11 , the 
re-heatlng boiler 25 functions effectively. The hot water 
controller 30 provides the re-heatlng boiler 25 and trie 
three-directional valve 26 with a command "B" for re- 
heating and a command "C" for switching, respectively. 
The hot water controller 30 Is preset with a lower refer- 
ence temperature Tref-L which Is lower than the refer- 
ence temperature TreM and when the temperature T1 
of the hot water In the hot water storage tank 17 drops 
down to lower than the lower reference temperature 
Tref-L, it turns on the re-heating command "B" and the 
switching command "C". As the re-heating command 
n B" is turned on, the re-heatlng boiler 25 starts operat- 
ing. As the switching command M C" is turned on, the 
three-dlrectlonal valve 26 shifts its passage to the by- 
pass 28. Accordingly, the hot water heated by the re- 
heating boiler 25 circulates through the conduit 23 and 
Increases the temperature of the hot water In the hot 
water storage tank 17 via the second heat exchanger 
22. 

[0051 J A second temperature sensor TS2 is provided 
above the temperature sensor TS1 . When the temper- 
ature T1 is below the reference temperature TreM or 
the temperature T2 outputted by thetemperature sensor 
TS2 Is not higher than a reference temperature Tref-2 
(>Tref-1), the controller 29 may generate and transfer 
the heat request to the ECU 38. 
[0052] When the temperature T1 outputted by the 
temperature sensor TS1 exceeds a reference tempera- 
ture Tref-3 (e.g. 70 °C) which Is higher than the refer- 
ence temperature Tref-1 , the operation of the engine op- 
erated generator 1 0 is stopped. It Is judged that the en- 
ergy of heat stored In the hot-water storage tank 17 Is 
sufficient as expressed by the temperature T1 outputted 
by thetemperature sensor TS1 which reaches the ref- 
erence temperature Tref-3. 

[0053] A procedure of controlling the start/stop oper- 
ation of the engine operated generator 1 0 based on the 
scale of a thermal load represented by the temperature 
of water In the hot water storage tank 17 Is depicted In 
the specification of Japanese Patent Application (Hei- 
sei)11 -1 06296 that is filed by this applicant. 
[0054] Fig. 7 is a block diagram illustrating a primary 
part of the present Invention. As shown, a system pro- 
tector 138 generates a fault signal when detecting a fault 
In the system source from the voltage and frequency of 
thepowersystem. Upon receiving the fault signal, a con- 
nector relay 1 35 is opened to cancel the interconnection 
to the power system and simultaneously a timer 39 Is 
switched on. As the Interconnection Is canceled, the en- 



gine 1 1 runs with no load. When the fault signal contin- 
ues until the setting duration (five minutes at Step S54) 
of the timer 39 Is timed up, a time-out signal is released. 
Upon receiving the time-out signal, the engine 1 1 stops. 
5 When the fault signal is eliminated by removing the 
cause of the fault before the setting duration of the timer 
39 is consumed, the connector relay 135 is closed to 
establish the interconnection again and the timer 39 Is 
reset. 

[0055] As set forth above, the features of the present 
Invention defined In claims 1 to 3 allow the engine to 
continue its motion even if the Interconnection is can- 
celed and resumed within a short interval of time, thus 
minimizing loads exerted on the startup device. Also, as 
the warming up for activating the oxygen density sensor 
which is always carried out after the engine is stopped 
has to be performed at less frequencies, hence avoiding 
declination in the operational efficiency. 
[0056] According to the feature of the present inven- 
tion defined In claims 2 and 3, the engine Is started In 
responseto a heat req uest received from the waste heat 
utilizing means, thus permitting the waste heat pro- 
duced during the period before the activation of the ox- 
ygen density sensor Is completed to be utilized at effec- 
tiveness. 



Claims 

1 . An engine generator apparatus for Interconnecting 
an output of a generator driven by an engine (11) 
with a power system, comprising: 

an oxygen density sensor (37) provided on the 
engine for control ling the air-fuel ratio based on 
Its output; 

a means for interconnecting the output of the 
power generator with the power system (14), 
when the oxygen density sensor (37) becomes 
its activated state; 

a fault detecting means (138) for detecting a 
fault In the Interconnection with the power sys- 
tem; 

a means (135) for canceling the interconnec- 
tion with the power system when the fault de- 
tecting means detects a fault, and resuming the 
Interconnection with the power system when 
the fault Is removed; and 
a means (138), (39) for stopping the engine 
when the interconnection is canceled for a pre- 
determined length of time due to the fault de- 
tection. 

2. A cogeneration system comprising: 

an engine generator apparatus for intercon- 
necting an output of a generator driven by an 
engine (11) with a power system, comprising: 
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an oxygen density sensor (37) provided on the 
engine tor controlling the air-fuel ratio based on 
its output; 

a means for Interconnecting the output of the 
power generator with the power system(14), 5 
when the oxygen density sensor (37) becomes 
its activated state; 

a fault detecting means (138) for detecting a 
fault In the Interconnection with the power sys- 
tem; 10 
a means (138) for canceling the Interconnec- 
tion with the power system when the fault de- 
tecting means detects a fault, and resuming the 
Interconnection with the power system when 
the fault is removed; and 15 
a means (138), (39) for stopping the engine 
when the Interconnection Is canceled for a pre- 
determined length of time due to the fault de- 
tection, 

a waste heat utilizing unit for utilizing waste 20 
heat produced by the operation of the engine 
generator apparatus, wherein the engine (11) 
Is started In response to a heat request gener- 
ated by the waste heat utilizing unit (15). 

25 

Acogeneratlon system accordlngto claim 2, where- 
in the waste heat utilizing unit comprises: 

a hot-water tank (17) for storing a first hot water 
heated with the waste heat released from the so 
engine generator apparatus (10); 
a first heat exchanger (20) installed In the hot- 
water tank for generating the first hot water, 
a second heat exchanger (22) positioned 
above the first heat exchanger (20) in the hot- 35 
water tank (17) for heating the first hot water to 
a second hot water hotter than the first hot wa- 
ter using the heat of the first hot water; 
a temperature sensor (TS1) provided in prox- 
imity between the upper end of the first heat ex- *o 
changer (20) and the lower end of the second 
heat exchanger (22); and 
a controller (29) arranged responsive to an out- 
put of the temperature sensor (TS1) for gener- 
ating and supplying the heat request to the en- 45 
glne generator apparatus. 
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